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There is an apparent discrepancy between the results of the charged kaon multiplicities off the
deuteron target from HERMES and COMPASS experiments. In this article we point out that this
discrepancy cannot be explained by different Q2 values. Furthermore we examine the empirical
parametrization of the fragmentation functions, DSS2017 carefully and find that the agreement
between the theoretical estimate and the HERMES data is less satisfactory as claimed.
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I. INTRODUCTION
Recently there are several attempts to extract the strange-quark Paton Distribution Functions (PDFs) from the
data of the kaon multiplicity of semi-inclusive deep-inelastic scattering (SIDIS) off the deuteron target [1–3], based on
the recent data from HERMES collaboration at DESY [4, 5]. The idea is the strange and anti-strange quarks inside
the proton will hadronize into the charged kaons after being knocked out by the photon with high virtuality. The
leading order (LO) formula of the kaon multiplicity off the deuteron target is given as,
MKD (x,Q
2) ≡MK+D (x,Q2) +MK
−
D (x,Q
2) =
dNK(x,Q2)
dNDIS(x,Q2)
=
∑
q e
2
q
[
qp(x,Q2) + q¯p(x,Q2) + qn(x,Q2) + q¯n(x,Q2)
] ∫ zmax
zmin
DKq (z,Q
2)dz∑
q e
2
q [q
p(x,Q2) + q¯p(x,Q2) + qn(x,Q2) + q¯n(x,Q2)]
. (1)
Here q = (u, d, s) and eq are the quark flavours and the corresponding electric charges, respectively. q
i(x,Q2) with
i ∈ {p, n} are the relevant nucleon PDFs which are the functions of momentum fraction x and momentum transfer
squared Q2. Notice the superscripts p and n denote proton and neutron. The z is the momentum fraction of the
initial quark in the fragmented hadron and zmax and zmin are usually set by the experimental acceptance. Finally D
K
q
is defined as DKq (z,Q
2) = DK
+
q (z,Q
2) +DK
−
q (z,Q
2). From Eq. (1) one would extract the sum of the strange and the
anti-strange quark PDFs provided that the isospin symmetry is assumed. However, in our previous work we find that
such an extraction crucially depends on the choice of the fragmentation functions [6]. Furthermore we also point out
that such an extraction actually has carried out on the pion multiplicities data, and there is serious tension between
the results from the pion multiplicity and kaon multiplicity [6]. So far all these studies have been based on the leading
order (LO) formula, hence it is necessary to investigate the hadron multiplicities according to the next-leading-order
(NLO) formula. The NLO formula of SIDIS is as follows,
σh(x, z) =
∑
f
e2fqf ⊗Dhqf
+
αs
2pi
e2fqf ⊗ Cqq ⊗Dhqf + e2fqf ⊗ Cqg ⊗DhG + αs2piG⊗ Cgq ⊗∑
qf
e2fD
h
qf
 .
q ⊗ C ⊗D(x, z) ≡
∫ 1
x
dx′
x′
∫ 1
z
dz′
z′
q
( x
x′
)
C(x′, z′)D
( z
z′
)
. (2)
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FIG. 1: (a)Experimental results of charged kaon multiplicities from HERMES [4, 5] and COMPASS [8] experiments. (left
panel). (b) Theoretical predictions with the DSS2017 parametrization and MMHT PDFs at HERMES kinematics compared
with the experimental data.(right panel)
Here C are the splitting functions given in [7]. In principle, the charged meson multiplicity of SIDIS provides an
excellent source for the flavour separation of the fragmentation functions. A successful parametrization of the
fragmentation functions is expected to explain satisfactorily the HERMES data of the charged kaon multiplicity
through Eq. (2). However, one meets some unexpected predicament when attempting to achieve this goal, we will
explain this dilemma in the next section.
II. THE KAON MULTIPLICITIES OF HERMES AND COMPASS DATA
Recently the COMPASS results of the charged kaon multiplicities of SIDIS off the deuteron target have been
published [8]. From Fig.(1-a) the COMPASS results obviously deviate from the HERMES ones. However such a
difference may be just superficial because the corresponding Q2 of two sets of data are different. To assert the
inconsistency between two data sets, one needs to exclude the possibility of that this difference is merely caused by
the QCD evolution between different Q2 values. However it is difficult, if not entirely impossible, to apply QCD
evolution on the experimental data directly. Instead, it is more practical to choose reliable FFs and PDFs and apply
the NLO formula , Eq. (2) to obtain the theoretical predictions at the precise Q2 scales.
In 2017 DSS2017 Kaon fragmentation functions became available [9]. This parametrization is the updated version of
the previous one [10]. The major updating is to include the COMPASS data [8]. Their differential kaon multiplicity
predictions are compared with the COMPASS and HERMES data. It is claimed their parametrization is able to
describe both of the data sets well simultaneously [10]. Therefore we use DSS2017 parametrization with MMHT
PDFs [11] (as used in [10]) and present our results in Fig. (1-a). We demonstrate the NLO result at the HERMES
and COMPASS kinematics, respectively. It is obvious that their agreement with the experimental data is far from
satisfactory. Furthermore, the discrepancy between the two data is not from the Q2 difference since the theoretical
results of both are very close as shown in Fig. (1-b). For further investigation, one needs to clarify the issue that
whether DSS2017 parametrization can describe the COMPASS as well as HERMES data in term at differential charged
kaon multiplicities [10]. Since DSS2017 paper demonstrates their result agree with the experimental data well before
integrating z values, therefore, it is necessary to examine the DSS2017 parametrization more intensively.
III. THE DIFFERENTIAL CHARGED KAON MULTIPLICITIES FROM THE DSS2017
PARAMETRIZATION
Using DSS2017 [9] we obtained the kaon multiplicities off the deuteron shown in Fig.(2). The α is just added to
shift the results of the different z values vertically to make the comparison more transparent.
In Fig (2), the top two plots have shown that the agreement between the DSS2017 differential result and the
HERMES experimental data seems excellent. Unfortunately it is mere illusory. When one changes the logarithmic
3FIG. 2: The kaon multiplicities at different z ranges. The y axis is logarithm scale for the first row of figures. For the second
row of the figures, the y scale is linear.
FIG. 3: Comparison between the theoretical and experimental results of the kaon multiplicities at the kinematics of HERMES
data. (a) K+ multiplicity (b) K− multiplicity (c) The sum of K+ and K− multiplicity.
scale into the linear one, the seemingly excellent agreement is gone. One can easily figure it out by observing the
bottom two of plots in Fig. (2). The curves in Fig. (2) are just the lines connecting the theoretical result at each
data point. It turns out that the vertical shift the data creates a visionary effect which is rather misleading since the
size of the data point does not reflect the experimental uncertainty properly. The data points shifted to the higher
y values own a much larger error range than the data points which are not shifted since the y axis is logarithmic,
however, the authors in [9] did not adjust the size of the data points according to their experimental uncertainty.
From Fig. (3-a) one find the theoretical curves are larger than the experimental data about 10% when z is smaller
than 0.35 in the K+ case. This trend is valid for all the data points even they are taken at different x and Q2 values.
In the K− case, the differences between the curve and the data become smaller and at the large z regime the data
is even larger than the curve as shown in Fig. (3-b). Summing over z range one obtains the results presented in
Fig. (3-c). It turns out that the difference between the theoretical result and the HERMES data is most significant
in the middle-x region with Q2 located between 2− 4 GeV2. The difference would reach 40%!
4IV. CONCLUSION
In general the HERMES results of the kaon multiplicity are smaller than what one expects if DSS2017 parametriza-
tion is used. Hence the claim that the DSS2017 parametrization is able to describe both of the data sets well
simultaneously in [10] is not confirmed in our study. Besides we find that the NLO contribution of the charged kaon
multiplicity actually makes the agreement between the theoretical estimate and the experimental data worse as shown
in Fig. (3).
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